Abstract: Obesity is a universal health concern that can lead to serious diseases. The side effects of synthetic anti-obesity drugs necessitate the finding of suitable natural/herbal alternatives. Mother nature offers a wide range of plants with medicinal properties that include crude extracts and isolated compounds which are effective for controlling and reducing weight gain. Obesity was induced in 60, 3-week-old male ICR mice, using high-fat diet (60% dietary energy from fat) for 16-week. The mice were divided at random into six groups with 10 mice: mice fed with high-fat diet (HFD) only, mice fed normal diet only (NC), and orlistat at 15.9 mg/kg (HFD+Orlistat), and mice in three other high-fat diet groups treated with methanolic leaf extract of Clinacanthus nutans (MECN) at 500, 1000 and 1500 mg/kg. After 21-day of the treatment, MECN significantly reduced (P<0.05) the body weight, visceral fat and muscle saturated fatty acid compositions. There was also significant downregulation of HSL, PPAR α and PPAR γ and SCD genes expressions in the obese mice treated with 1500 mg/kg MECN compared to the HFD group. Therefore, MECN is a potentially useful natural supplement for alleviating obesity and obesity-mediated metabolic diseases.
It inhibits the gastric and pancreatic lipases and consequently reduces the lipid absorption from the gut [14] .
The side effects of sibutramine, which was associated with myocardial ischemia, have been the reason for the withdrawals of this product from the market in several countries [12] . A recent work has suggested the effectiveness of Clinacanthus nutans Lindau, a plant from the family of Acanthaceae. It is commonly known as Sabah snake grass in Malaysia, but also has other vernacular names: Belalai Gajah (Malay), Dandang gendis (Javanese), Tajam (Sunda) in Indonesia; Phaya Yo, Phaya Plong Thong in Thailand; Twist of Flowers, Alligator Flower, Zuihua in Chinese. It is intensively grown in tropical and subtropical Asian countries including Malaysia, Indonesia, Thailand, China and Vietnam [15] . Clinacanthus nutans contains important constituents such as phenolics, flavonoids, stigmasterol, β-sitosterol, lupeol, betulin, chlorophyll derivatives, protocatechuic acid, C-glycosyl flavones, vitexin, isovitexin, shaftoside, isomollupentin, 7-O-β-glucopyranoside, orientin, isoorientin, cerebrosides, steroids, triterpenoids, glycerides, monoacylmonogalactosylglycerol and sulfur-containing glucosides [16] [17] [18] . The phytochemical compounds, namely phenols, tannins, alkaloids, steroids, protocatechuic acid, and terpenes, may have the ability to exert hypolipidemic activity [19] . Different plant-based polyphenols have been found to quench free radicals and exhibit anti-inflammatory properties, as well as anti-hyperglycemic and anti-hyperlipidemic properties [20, 21] . However, there is no evidence demonstrating that Clinacanthus nutans can be utilized as a remedy for obesity. Despite all known biological activities in earlier work, empirical evidence that supports its ability to reduce weight and lower blood cholesterol has not been reported. The present study aims to investigate this plant by using doses of methanolic leaf extract of Clinacanthus nutans (MECN) similar to previous research [22, 24] . Recent evidence has shown that methanolic leaf extract of Clinacanthus nutans improves lipid profiles in rats [17] . Polyphenols have been known to regulate lipid metabolism by inducing metabolic gene expression or trigger the transcription factors that play a significant part in metabolizing energy [25] . There are numerous mechanisms for the reduction of adipogenesis, such as suppression of growth and differentiation of adipocytes by inhibiting the PPARγ and SREBP2 gene expression [26] . Besides, the downregulation of SCD gene can stimulate the insulin sensitivity action, and thus produce effective energy utilization [27] . The present study aims to examine the effect of methanolic leaf extract of Clinacanthus nutans on the mRNA expression levels of the different genes. However, even though the presence of polyphenols in C. nutans has been determined, there is still little evidence about the anti-obesity properties and the mechanism by which C. nutans could exert anti-obesity effects. To date, empirical evidence about the effect of methanolic leaf extract of Clinacanthus nutans on high-fat-diet-induced obese mice is still largely lacking.
Therefore, this current research has investigated the effect of methanolic leaf extract of Clinacanthus nutans supplementation on t on body weight parameters, fatty acid composition and the different genes involved in the regulation of lipid metabolism in obese mice fed HFD.
Results

Body Weight Changes
Feeding mice with high fat-diet (HFD) over a period of 16 weeks increased the body weight of experimental group mice. The mice were accordingly treated with MECN for 21 days and examined for changes in the body weight and biochemical parameters. There was a significant correlation between the metabolism of mice and MECN treatment; MECN has the ability to reduce weight gain in mice obesity. Table 1 demonstrates the effect of MECN on the body weight of obese mice, where the body weight of mice was in the range of 38.88g
to 39.22g . No notable differences were observed between the body weights of HFDC mice, NC mice, HFD+Orlistat, HFD+CN500, HFD+CN1000 mice, and HFD+CN1500 mice before starting the treatment. On the other hand, on completion of the supplementation program, there was a considerably higher body weight gain for the HFDC mice group compared to the group treated with MECN. Furthermore, loss of body weight in mice on MECN treatment was computed by subtracting the initial body weight from the final body weight.
The final body weight in week 3 showed a significantly (P<0.05) lower weight measurement in high-fat diet group treated with MECN 1000 mg/kg (HFD+CN 1000) and MECN 1500 mg/kg (HFD+CN1500) compared to the HFDC group. Besides, the body weight of HFD+Orlistat group, compared to HFDC group, has significantly decreased after 3 weeks of orlistat administration, but the body weight of the high-fat diet group treated with MECN 500 mg/kg (HFD+CN500) did not significantly differ from that of the NC and HFDC groups. The results demonstrated that there was a considerable difference between the body weight of high-fat diet mice HFDC group and mice treated with 1000 and 1500 mg/kg of MECN after 21 days of administration. Table 1 . Effect of methanolic leaf C. nutans on body weight in obese mice.
HFDC: high-fat diet control mice, NC: normal control mice, HFD+Orlistat: high-fat diet mice treated with orlistat, HFD+CN500: high-fat diet mice treated with C. nutans 500 mg/kg, HFD+CN1000: high-fat diet mice treated with C. nutans 1000 mg/kg, HFD+CN1500: high-fat diet mice treated with C. nutans 1500 mg/kg. Values were expressed as mean ± SEM (n=10). Means within a row with different letters denote significant difference (P<0.05).
Visceral Fat and Organs' Weight
There was a significant correlation between the accumulation of visceral fat and a high-fat diet, which ordinarily causes obesity. There was also a similar relationship between the fat index and the adverse effect of metabolic syndrome. Feeding the animal with high-fat diet over 16 weeks has increased the visceral fat. Table 2 provides information about the visceral fat and the weight of organs (carcass, liver, kidney, spleen and intestine). The visceral fat was collected during the post-mortem of the mice. The results indicated that the weight of visceral fat of HFD+CN1500 group was significantly (p˂0.05) lower than that in the HFDC group, which suggests that the treatment with MECN extract has a significant effect on visceral fat. After the treatment, the two groups, particularly the high-fat diet group treated with MECN at 500 mg/kg (HFD+CN500) and that one treated with 1000 mg/kg (HFD+CN1000) and with (HFD+Orlistate), showed an insignificant reduction in fat accumulation. The weight of the organs, including carcass, liver, kidney, spleen and intestine was also reduced by MECN treatment, but not significantly. Table 2 . Organ weight of obese mice in the different treatment groups HFDC: high-fat diet control mice, NC: normal control mice, HFD+Orlistat: high-fat diet mice treated with orlistat, HFD+CN500: high-fat diet mice treated with C. nutans 500 mg/kg, HFD+CN1000: high-fat diet mice treated with C. nutans 1000 mg/kg, HFD+CN1500: high-fat diet mice treated with C. nutans 1500 mg/kg.
Values were expressed as mean ± SEM (n=10). Means within a row with different letters are significance difference (P<0.05).
Muscle Cholesterol Levels
Cholesterol concentration was determined by using a cholesterol standard (Sigma L-4646). As shown in Figure 1 , no significant reduction was detected in HFD+CN500 (treated with 500 mg/kg of MECN; 0.26 ± 0.03 µg) HFD+CN1000 (1000 mg/kg; 0.27 ± 0.03 µg) and HFD+CN1500 (1500 mg/kg; 0.22 ± 0.03 µg) groups, compared to the HFDC (0.29 ± 0.03 µg) group. high-fat diet mice treated with orlistat, HFD+CN500: high-fat diet mice treated with C. nutans 500 mg/kg, HFD+CN1000: high-fat diet mice treated with C. nutans 1000 mg/kg, HFD+CN1500: high-fat diet mice treated with C. nutans 1500 mg/kg. Values are expressed as mean ± SEM (n=10). Different lowercase letters denote significant difference (P<0.05).
Muscle Malondialdehyde Levels
The value of malondialdehyde (MDA) in this experiment was determined using triethyl phosphate (TEP) standard. As presented in Figure 2 , there is no significant reduction in the high-fat diet group treated with MECN extract at 500 mg/kg (10.71 ± 2.15 mg MDA/kg mice), 1000 mg/kg (11.08 ± 2.15 mg MDA/kg mice), 1500 mg/kg (10.01 ± 1.8 mg MDA/kg mice) compared to the HFDC (13.33 ± 2.15 mg MDA/kg mice) group. No significant differences (p˂0.05) were noted in the muscle MDA level in all groups of MECN compared to control group. HFD+Orlistat: high-fat diet mice treated with orlistat, HFD+CN500: high-fat diet mice treated with C. nutans 500 mg/kg, HFD+CN1000: high-fat diet mice treated with C. nutans 1000 mg/kg, HFD+ CN1500: high-fat diet mice treated with C. nutans 1500 mg/kg. Values are expressed as mean ± SEM (n=10). Different lowercase letters denote significant difference (P<0.05).
Muscle Fatty Acid Compositions
The fatty acid composition of the muscle from control groups HFDC, NC and mice treated with the methanolic extract of C. nutans leaf is shown in Table 3 . The major fatty acids found in the HFDC group consist of the saturated fatty acids, which are palmitic acids (C16:0) at 22.17%. This result was significantly higher than the group with high-fat diet treated with MCEN, HFD+CN500 (15.65%), HFD+CN1000 (16.58%) and HFD+CN1500 (15.57%). On the other hand, the oleic acid (C18:1n-9), which is one of the unsaturated fatty acids, was significantly lower in the HFDC group at (41.14%), compared to the high-fat diet treated MECN, HFD+CN500 (53.88%), HFD+CN1000 (54.17%) and HFD+CN1500 (54.87%). However, HFDC group showed a significant increase in total saturated fatty acid (28.86%) and a decrease in monounsaturated fatty acid 47.48% compared to high-fat diet treated MECN. Table 3 . Effects of methanolic extract of C. nutans leaf on fatty acids composition in muscle mice as compared with the vehicle control group.
HFDC: high-fat diet control mice, NC: normal control mice, HFD+Orlistat: high-fat diet mice treated with orlistat, HFD+CN500: high-fat diet mice treated with C. nutans 500 mg/kg, HFD+CN1000: high-fat diet mice treated with C. nutans 1000 mg/kg, HFD+CN1500: high-fat diet mice treated with C. nutans 1500 mg/kg. Values are expressed as mean ± SEM (n=10). Mean within a row with different letters are significance difference (P<0.05).Note: TSFA = C14:0 +C16:0 +C18:0), TMUFA = C16:1 + C18:1n-9), n-3 PUFA = C18:3n-3+C20:5n-3+ C22:5n-3+ C22:6n-3), n-6 PUFA = C18:2n-6+ C20:4n-6). TPUFA= n-3 PUFA+ n-6 PUFA. n-6: n-3 FAR = C18:2n-6+ C20:4n-6 ÷ C18:3n-3+C20:5n-3+ C22:5n-3+ C22:6n-3).
Using qRT-PCR, the messenger ribonucleic acid (mRNAs) expression level of genes were examined from the liver tissue of mice. This includes genes that are involved in fatty acid oxidation such as PPARα and HSL, as well as those involved in fatty acid synthesis and adipogenesis such as PPARγ, SREBP and SCD genes involved were analyzed in liver tissue of mice by qRT-PCR. In this study, the expression profile of five genes, namely PPARα, PPARγ, HSL, SREBP, and SCD, were validated, differentially expressed and reported for their upregulation or downregulation. As shown in Figure   3 Obesity is presented in a large number of people who are lead a sedentary life, which is a lifestyle that is occupied by reduced activity and high-calorie intake [28] . Enlarged fat mass and increased lipid concentration in blood are often common changes seen in obese individuals [29] . According to Nishikawa et al.
[30] obese animal models have varying features of obesity, and thus one should take care to choose a model that is appropriate for the specific in these factors. The data presented in this study may establish a baseline to develop animal models of high fat diet-induced obesity.
Recent research typically priorities work to finding effective alternatives treatments to synthetic obesity drug management. In this respect, this study has investigated the methanolic leaf extract of C. nutans and the results showed, as discussed below, that the purpose of the experiment. The features of obesity shown by HFD feeding are affected by the sex, strain, and age of mice. Sex steroid hormone, hepatic lipid metabolism, and systemic metabolism could be implicated extract the extract has demonstrated an important role in treating obesity.
The obese rats induced by high-fat diet are preferred in obesity research as they mimic the usual features of obesity in humans. The high-fat diet is among the leading factors of obesity, where the long-term consumption of high-fat diet showed significant increases in abdominal fat weight in mammals [31] . Earlier work has shown that a high-fat diet may elevate energy intake, and thus develop obesity [1, 32] . High-fat diets usually have 32 to 60% of calories from fat. From the nutritional perspective, a human diet of 60 kcal % fat would be deemed to be extreme, but these are normally used to accelerate obesity in rodents and save experimental time [32] . This study has induced obesity in male ICR mice using high-fat diet for 16 weeks (60% dietary energy from fat). At the end of the treatment, the cell size in the HFDC group showed a significant increase in comparison with MECN groups. In the current study, obesity is achieved after feeding the mice with their respective diets for 16 weeks. Using lard, Zhou et al.
[33] induced obesity in male Sprague-Dawley rats by feeding them with a high-fat diet (46% calories) for 14 weeks. Mashmoul et al. [34] suggested that inducing obesity in male rats using beef tallow would require 12 weeks of time. Administering male mice with 20 mg of orlistat and feeding them with HFD has only reduced 0.5% of the body weight after eight weeks of treatment [34] . These reports suggest that taking orlistat and consuming HFD may result in weight loss compared to those that continue consuming a high-fat diet. In the current study, administration of 15.9 mg of Orlistat reduced 15.71% of body weight of obese mice. According to Kumar et al.
[35] orlistat and sibutramine can promote about 5 to 10% of weight loss. In this study, no difference was observed in the food intake between the HFDC group and the high-fat diet group treated with 500, 1000, and 1500 mg/kg of MECN. The increase in body weight was also inhibited. The male ICR obese mice, administrated with 500, 1000 and 1500 mg/kg respectively, had 6.34%, 14.79%, and 15.51% of weight loss after 21 days of treatment. There were no physical challenges observed throughout the experiment.
Hayashi et al. [36] state that data for visceral fat is more important than the abdominal subcutaneous fat data for the prediction of future insulin resistance. When the visceral fat depot size is smaller, it can more effectively prevent the future elevation of the fasting plasma insulin level. In the current study, the liver and kidney weights of the high-fat diet mice on MECN treatment was slightly lower in the groups treated with HFD+CN500 and HFD+1000 compared to the obese group. According to Bailey et al. [37] analysis of organ weight through toxicology is a significant endpoint in identifying possible harmful effects of chemicals. However, these authors have suggested that variances in organ weight between treatment groups are frequently accompanied by differences in the body weight between groups. Clinacanthus nutans has antioxidant action represented by its polyphenols [38] . In chloroplast, thylakoids possess a hundred different membrane proteins, galactolipids and sulpholipids, in addition to different vitamins (A, E and K), and hence a range of bioactive compounds that could cause the retardation of fat digestion [39] . Sprague Dawley rats had body weight loss when fed with polyphenols, such as epicatechin (EC), epigallocatechin (EGC) and epicatechin gallate (ECG) [20] . In addition, supplementing with chlorogenic acid reduces the body weight gain and adipose weight in comparison with the high-fat diet group and caffeic acid group [40] . However, the supplementation of purified anthocyanins from Chinese mulberry (Morus australis Poir) has prevented the weight gain in male mice C57BL/6 fed with high-fat diet [41] . The current findings suggest that the chlorophyll a, b, polyphenol, chlorogenic acid and caffic acid in the C. nutans may control the lipid metabolism by affecting hepatic lipid oxidation and lipogenesis, and thus cause an increase in energy expenditure. Thus, taking supplements that are high in antioxidants, such as methanolic extract of C. nutans leaf would lower the risk of obesity and oxidative stress-related disorders.
Supplementation of C. natans showed no noticeable effect on the muscle cholesterol level in mice.
However, lower muscle cholesterol level was detected compared to their controls, Cho et al. [40] reported that caffeic acid or chlorogenic acid reduced cholesterol (plasma, adipose tissue, and heart) in ICR mice fed HFD. Baba et al. [42] showed that cocoa powder inhibited the intestinal absorption of cholesterol in rats. The authors attributed their findings to the inhibition of pancreatic lipase, which promotes cholesterol excretion in faces and reduces hepatic lipid accumulation. The inability of MECN to induce a significant decrease in muscle cholesterol could be due to the short duration of the experiment. Al-Moosawi [43] posited that changes in total cholesterol could take up to three months.
It was postulated that oxidative stress might play a crucial role in the pathophysiology of hyperlipidemia [44] . Oxidative stress is essentially an imbalance between free radical production and the body's ability to counteract or detoxify their adverse effects through neutralizations by
antioxidants. An unnecessarily high and prolonged elevation in reactive oxygen species (ROS) production is believed to be responsible for the pathogenesis of cancer, atherosclerosis, diabetes type 2, neurodegenerative diseases, rheumatoid arthritis, ischemia/reperfusion injury, obstructive sleep apnea, and another disease [45] . Continuous use of high-fat diet induces increased production of ROS and its intermediates, which consequently contribute to hyperlipidemia and atherosclerosis [46] . Obesity is characterized by systemic oxidative stress [47] , which leads to increase in plasma and intramuscular lipid peroxidation [48, 49] . Excess body fat is directly correlated to markers of oxidative stress including thiobarbituric acid-reactive substances (TBARS), which cause the degradation of membrane lipids and lead to cell impairment and formation of various toxic products [47] . Hence, calculating these factors can offer insights into the metabolic state of ICR obese mice. In this study, high-fat diet treated MECN 500, 1000 and 1500 mg/kg slightly reduced in lipid peroxidation compared to HFDC group but not significant. Meanwhile, Sarega et al. [17] reported that multiple phenolic compounds via protocatechuic acid, ferulic acid, gallic acid, p-coumaric, chlorogenic acid, vanillic acid and caffeic acid were detected in the extracts and fractions of C.
nutans. In line with the current observation, plant secondary metabolites, including chlorogenic acid [50] , trans-resveratrol [51, 52] , epicatechin [42] and dietary fiber from cocoa [53] inhibited lipid peroxidation [41] . Fernandez-Mar et al. [51] reported that no less than 70% of ingested trans-resveratrol was absorbed and metabolized for the formation of glucuronide and sulfate derivatives, which inhibit pathological increases in lipid peroxidation. Thus, this study indicates that the presence of polyphenols in C. nutans might be responsible for the reduced lipid peroxidation in mice. The inability of C. nutans to induce a significant decrease in muscle lipid peroxidation level could be due to the short duration of the experiment.
This assumption supports the current observations on the high level of fatty acid deposits in the skeletal muscle tissues of obese mice supplemented with high-fat diet HFDC [54] . The levels (g/100g total fatty acids in the form of a percentage) of saturated fatty acids, the notable rise in the levels of saturated fatty acids, namely the palmitic acid (C16:0), in the HFDC mice were also similar to findings reported by Morselli et al. [55] . The current research also found that those groups with a high-fat diet and treated with MECN 500, 1000 and 1500 mg/kg had a significantly higher amount of oleic acid than the HFDC groups. The results showed significant differences between the palmitic acid and oleic acid levels in the HFDC and MECN groups. Similar to these findings, Graf et al. [56] found that the diet has high saturated fatty acid. The saturated fatty acid (SFA) has decreased in the plasma rats after 10 weeks of anthocyanin-rich juice consumption, whereas the polyunsaturated fatty acid (PUFA) has increased. According to previous research, the fatty acid composition of the diet is reflected by the fatty acid profile of skeletal muscle of phospholipids and triacylglycerols [57] . It is important to note that the photosynthesizing plants are particularly abundantly rich in alpha-linolenic acid (ALA), which accounts for up to 55% of the fatty acids present in green vegetables [58] . Interestingly, the C. nutans is rich in saturated fatty acid (SFA), such as myristic acid, palmitic acid, methyl ester palmitic acid, stearic acid, methyl ester margaric acid, linoleic acid, ethyl ester linolenic acid [59] . Several positive effects of both n-3 and n-6 PUFA have been previously reported by De Caterina [58] . Their study suggested that incorporating PUFA in cell membranes may affect the membrane fluidity. PUFA has anti-inflammatory effects [60] . The present study found that the consumption of MECN in obese mice decreases saturated fatty acid and increases the level of an unsaturated fatty acid profile in muscle.
The changes in the hepatic transcriptional profiles of obese ICR mice supplemented with methanolic extract of C. nutans leaf were examined. The results obtained from the experiments of gene expression are consistent with the levels that found in the liver. The plant secondary metabolites are potential regulators of gene expressions. They can act as a ligand for a specific nuclear receptor that improves the transcription rate of specific genes [61] . The peroxisome proliferator-activated receptors (PPARs) are a superfamily of receptors which belong to the steroidal or thyroid hormone receptors. These receptors are triggered by endogenous or exogenous ligands which promote the target gene transcription responsible for regulating the metabolism related to lipid, sugar and protein [62, 63] . It is worth noting that PPARα is one of the crucial intermediates affecting the polyphenol in liver gene expression in various aspects of lipid metabolism. Specifically, PPARα functions at the center of the regulation hub. It has its effects on fatty acid uptake and intracellular binding, mitochondrial and peroxisomal fatty oxidation, ketogenesis, triglyceride turnover, gluconeogenesis, and bile synthesis/secretion [64] . For this reason, PPARα agonist, such as fenofibrate have been widely used for treating hyperlipidemia [64] . There is evidence that PPARα activation by fibrates inhibits the induction of IL6 and the C-reactive protein and nuclear factor kappa B levels (NF-κB) [62] . On the other hand, PPARγ is mainly involved in regulating the glucose homeostatic in the body. It also increases adipocytes hypertrophy or preadipocytes differentiation by activating the genes responsible for adipogenesis [65] . Thus, the upregulated PPARγ gene does promote the accumulation of adipose tissue which may stimulate obesity [26] . In the current study, the PPARα mRNA expression was significantly downregulated in the liver tissue of the mice group treated with MECN than HFDC group. The PPARγ in the liver of mice treated with MECN (1500mg/kg) was significantly downregulated when compared with the HFDC group. PPARα is mostly shown in the liver and partly in the cellular lipid, while PPARγ is shown in adipose tissue and, to some extent, in the liver [66] . The decreased expression of PPARα mRNA suggested the imbalance of lipid metabolism towards lipid accumulation in the case of induced lipogenic transcription [66] . The possible mechanism involved in this action is the hepatic autophagy gene that can regulate PPARs at various levels [67] . It activates PPARα target gene [68] and suppresses the levels of PPARγ mRNA [69] that may activate the autophagy and control the proteins/or protein degradation involved in the metabolism of a lipid [70, 71] . In the same context, PPARγ mRNA agonists thiazolidinediones (TZDs) are taken to induce insulin sensitivity in the obese-diabetic patients, while agonists (fibrates) are taken to medicate hyperlipidemia in patients by activating
PPARα target genes [72] . This supports previous reports in which PPARα led to increases in energy expenditure [73] . It is also similar to other findings in which the PPARα mRNA expression was significantly reduced in the liver tissue of MECN group compared to the HFDC group [73, 74] . The expression of PPARα and PPARγ mRNA usually increases and decreases depending on the dose and duration of administration [66] , as well as the spatial constraints for transcription factors and ribonucleic acid (RNA) polymerases [75] . It may be the balance of action between the PPARα and PPARγ mRNA agonistic activity in MECN that indirectly leads to the reduction of adipogenesis in adipose tissue and liver, and thus preventing obesity. From the adipogenesis-related gene expression study, we found that the methanolic extract of C. nutans leaf at 1500 mg/kg significantly downregulated HSL. There is evidence that the green and black tea have a significant role in cellular lipid accumulation by their increase in the phosphorylation of hepatic adenosine monophosphate-activated protein kinase, and liver kinase B1 (KB1). The signaling module may be involved in this process [76] . The 3T3-L1 cells, which were treated with plant secondary compound, have increased the levels of intracellular cyclic adenosine monophosphate (cAMP) that may lead to a decrease PPARγ and HSL mRNA level [77, 78] . Therefore, plant secondary compounds can modify intracellular cAMP and can act on the lipid metabolism in adipocytes PPARγ and HSL mRNA [77, 79] . A similar effect was observed in ICR obese mice which were orally fed with ethanolic extracts of Brassica campestris spp. rapa roots. The treatment group induced the expression in white adipocytes of lipolysis-related genes HSL [80] . The supplementation of obese mice with green tea extract has led to an increase in the gene expression of HSL mRNA [81] . However, when the 3T3-L1 cells were treated with procyanidin extracts from grape and wine, the HSL mRNA levels have decreased over time with respect to their controls [77] . On the other hand, the dosage of MECN which was given at 1500 mg/kg resulted in a significant reduction of HSL and PPARγ in the mice liver may enhance thermogenesis, whereas the fatty acid metabolites may prevent complete differentiation of white adipose tissue (WAT). Furthermore, the reduction in transcription of PPARγ seems to inhibit adipocyte differentiation and influence lipolysis and lipid deposition in adipose tissue [82] . This study has established a downregulated activity of the SCD gene expression in the liver in the groups treated with MECN compared to HFDC group. It is suggested that the downregulation of the SCD activity protects mice from obesity reduced via lipid synthesis, or it may increase energy expenditure through increased insulin sensitivity [83] . The present study, together with other previous studies using short-term treatment with an antisense inhibitor of SCD, is thought to be sufficient for the improvement of hepatic insulin sensitivity. Evidence has also shown that insulin-resistant obese mice (ob/ob) are prone to have an upregulated hepatic SCD gene expression activity [84, 85] . Whenever the mice are fed with a high-fat diet to induce insulin resistance, the SCD1 mRNA levels are increased. Taking these findings together, inhibition of SCD mRNA gene expression in mice may prevent the development of obesity and alleviate insulin resistance [83] .
SREBPs are important transcription factors that regulate fatty acid and cholesterol metabolism in the liver [86] . There was no significant difference between the high-fat diet treated with MECN groups and high-fat diet control group. Both SCD and acetyl-CoA carboxylase response to changes in physiological conditions, for example, by feeding a high carbohydrate diet, re-feeding after starvation, and administration of insulin [87] . The present study supports the finding which suggests that the regulation of SCD1 expression is not always under SREBP-1c signaling control in Zucker obese rats [88] . This suggests that the regulation of SCD1 by SREBP-1c does not always operate as effectively as has been previously believed [89] . The SREBP level did not significantly change in the liver. The difference in the level and direction of gene expression in such tissue might be due to the variation in bioavailability and metabolism of plant secondary compound polyphenols that remains unclear. Downregulated transcription factors including PPARγ could provide a molecular mechanism for alterations in adipocyte number and obesity [90] . In addition, the inhibition of SCD gene expression has improved insulin sensitivity, which in turn has ameliorated obesity. This study demonstrated that anti-obesity effects of HFD+CN1500 is due to the regulation of hepatic gene expression involving the downregulation of the HSL and PPARγ mRNA gene, with a significant reduction of the inflammatory precursors which are IL6 and leptin [91] . The study concludes that it is possible that the dosages of a MECN 1500 mg/kg may inhibit the gene expression involved in the regulation of lipid metabolism and thus may prevent obesity.
Material and Methods
Plant Materials
Fresh leaves of Clinacanthus nutans (Burm.f.) Lindau were acquired from a botanical garden in 
Preparation of Methanolic Leaf Extract of Clinacanthus nutans
The Clinacanthus nutans leaves were cleaned under running tap water, and then air dried for one week under direct sunlight. These leaves were oven-dried for 24 hours at 40°C in an oven, grounded 
Animal Subjects
All procedures conducted in this work were reviewed and approved by the Universiti Putra Malaysia Institutional Animal Care and Use Committee (IACUC) (ACUC Approval No: R083/2016).
Sixty three-week-old male ICR mice (n=60) were bought from Sapphire Enterprise, Malaysia. Before the trial, the subjects were acclimatized under constant conditions (temperature: 22 ± 1°C; humidity:
40%-60%; light; 12 hours of light/dark cycle) for 7 days. The mice were provided with a normal purified diet consisting 10% bovine fat D12450B (Research Diets, New Brunswick, New Jersey, USA) 
Induction of Obesity
A total of sixty mice were fed with high-fat diet as provided by purified commercial feeds containing all essential nutrients, vitamins, minerals and 60 kcal % of fat D12492 (Research Diets, New
Brunswick, New Jersey, USA) for 16 weeks [92] . Its caloric composition was 20 kcal% protein, 20 kcal% carbohydrate and 60 kcal% fat. Each gram of its ingredient contained 5.24 kcal, including 232 mg cholesterol from lard and blue dye. It was kept frozen and could last for six months. An amount of 60 kcal% fat is seldom practical in the case of the human diet. On the other hand, to induce obesity in mice more quickly and facilitating the research, 60 kcal% fat is frequently utilized, but when screening the impacts of a drug in genetic manipulation, the requirement may be 45 kcal% fat diet because a high 60% kcal% diet could inhibit a reversal of the effects [93] .
The mice of the normal test group were fed with a normal purified diet (NC) consisting of 10% beef tallow (Research Diets, New Brunswick, New Jersey, United States of America) for 16 weeks, while the mice of the control group were fed a high-fat diet (HFD) for 16 weeks to elicit diet-induced obesity, when the body weight of these mice increased significantly were chosen for this study.
Study Design for the Treatment Groups
Sixty ICR male mice (39.01 ± 1.03 g) body weight were randomly assigned into six groups, (10 mice/group). As shown in (Table 4 ) five groups were fed with a high-fat diet (HFD) and one group was fed standard chow (NC). The five HFD groups were divided into: HFD only (HFDC), HFD with orlistat 15.9 mg/kg body weight and dissolved in ethanol 20 mg/mL (HFD+orlistat) [92] . HFD with methanolic leaf extract of Clinacanthus nutans (MECN) at 500 mg/kg (HFD+CN500), HFD wiith MECN at 1000 mg/kg (HFD+CN1000) and HFD with MECN 1500 mg/kg (HFD+CN1500). Distilled water was used as a vehicle for dissolving and dispensing MECN by oral gavage, given once daily for 21-day. For the controls in HFDC and NC groups, the mice were given the distilled water without MECN. 
Measurement of the Body Weight
For the duration of the experiment, body weight was recorded after each week with a standard weighting balance to monitor the body weight changes. The food was given at 4 g/daily per mice and mice had access to water at all times. The body weight was recorded the study and changes expressed as % at the end of the study. The rate of changes in body weight upon supplementation of C. nutans was determined using the equation.
Determination of Muscle Cholesterol Levels
Cholesterol level in muscle was determined by O-phthalaldehyde spectrophotometer with the maximum wavelength of 550 nm [94] . The cholesterol level was measured as described by Rudel and Morris [94] . One gram of muscle sample was crushed into small pieces. Three mL of 95% ethanol and two ml of 50% potassium hydroxide were mixed into each tube and vortexed for 20 seconds. The tubes were then heated in a water bath at 60°C for 10 minutes and later cooled at room temperature (20ºC). Then, 5 mL of hexane was carefully added to the tubes and mixed vigorously by vortexing for 20 seconds. Following this, one mL of distilled water was added, and mixing was done by vortexing. The tubes were then settled at room temperature for 15 minutes or until the separation between the aqueous and organic phase was completed. An amount of 0.5 mL of the hexane layer was later transferred into a clean tube and heated in a water bath at 90ºC, and eventually, hexane was evaporated to dryness at 60ºC under nitrogen gas flow. The residue formed was suspended in 4 mL of ophthalaldehyde reagent (0.5 mg ophthalaldehyde in 1 mL of glacial acetic acid). The tubes were then kept at room temperature for 10 minutes. Then, 2 ml of concentrated sulfuric acid was slowly pipetted down the inside of each tube. The samples were mixed thoroughly as described previously. The samples were then left standing for an additional 10 minutes, and the absorbance was read at 550 nm against the blank reagent. The reading at absorbance 550 nm was compared with a standard curve to determine the concentration of cholesterol. The same procedure was used for the standard curve according to the method of Rudel and Morris [94] , except that the following amounts of cholesterol (Sigma L-4646) were assayed in place of the samples at 0, 0.5, 1, 1.5, and 2 µg, respectively. The concentration of cholesterol and standard were tested at 550 nm absorbance using a spectrophotometer (Secomam, Dumont, France).
Determination Malondialdehyde in Muscles
Lipid peroxidation in muscle was established through malondialdehyde (MDA) assay.
malondialdehyde is a secondary product of lipid peroxidation and is the primary substrate in the thiobarbituric acid reactive substances (TBARS) [95] . The release of MDA can be observed spectrophotometrically (Secomam, Dumont, France) by its ability to form a complex with thiobarbituric acid (TBA) and obtain an MDA-TBA adduct. This complex is a pink-colored complex with the absorbance of 532 nm [96] . Thiobarbituric acid reactive substances (TBARS) as indicators of lipid peroxidation were measured as described by Mercier et al. [96] . Muscle from mice weighing 500 mg in every sample was homogenized in 4 mL of 1.15 M of potassium chloride. Then, butylated hydroxytoluene (BHT) was prepared at a concentration of 0.1 mM with Ultraturrax (1min, 6000 rpm)
by dissolving 1.54 g of BHT in 50 mL ethanol and then following this; distilled water was added up to 100 mL. Next, thiobarbituric acid (TBA) was prepared at a concentration of 0.8% by preparing 20% of the acetic acid solution and adding 0.8 g of TBA into the acetic acid solution. Meanwhile, pH was adjusted to 3.5 by adding sodium hydroxide during this time, ensuring TBA to be completely dissolved in acetic acid. After that, sodium dodecyl sulfate (SDS) at a concentration of 8.1% was prepared by dissolving 8.1 g of SDS in 100 mL of distilled water.
Malondialdehyde Assay
Sample containing about 100 µL each was added with 200 µL of distilled water. Next, 35 µL of BHT was added to the sample. Finally, 165 µL of SDS and 2 mL of TBA were added to the mixture. The sample was heated in a water bath for 60 minutes at 95°C. The samples were then cooled to room temperature under running water. Next, 3 mL of n-butanol was added to the mixture and mixed for 60 seconds. Following this, the samples were centrifuged at 5000 rpm for 10 minutes. The butanol layer was later separated from the aqueous phase by using a pipette. The absorbance of the butanol layer was read at absorbance 532 nm against pure butanol as a blank. Calculation of MDA was in mg MDA/ kg tissue and based on a standard curve generated from the standard 1,1,3,3-tetraethoxypropane at different concentrations [97] .
Analysis of Fatty Acid Composition in Muscles
The total fatty acids were extracted from muscle tissues; the main solvents used were chloroform to methanol in 2:1 ratio. The solvents used were polar and had a high solubility for the lipid compound to remove lipid components from their binding sites of the cell membrane, lipoprotein, and glycolipids. The fatty acid composition of mice muscle was analyzed utilizing gas chromatography (GC). Prior to and following the extraction of fatty acid, all equipment including methylation tubes, screw caps, and extraction tube stoppers were subjected to a two-hour soaking in Decon 90 (Decon Laboratories Ltd., Sussex UK), scrubbed and then rinsed with tap water. Thereafter, they were again soaked, this time in distilled water overnight and rinsed once more, then oven-dried at 60°C. Other glassware including the separating flasks, funnels, extraction tubes and round-bottomed flasks were washed in an automated laboratory glassware washer (Smeg Ltd., Oxon UK) with acid and alkaline washes for approximately three hours. Care was taken to ensure that all chemicals, solvents and laboratory supplies utilized for total lipid extraction and preparation of fatty acid methyl esters (FAME) were of the required analytical grade. All chemicals and solvents were free from contamination with rubber or fat derivatives. The screw caps of methylation tubes and vials were of
Teflon. Chloroform and chloroform-methanol solvents, (Merck KGaA, Darmstadt, Germany) had 10 mg/L of butylated hydroxytoluene (2, 6-di-tert-butyl-p-cresol) (Sigma Chemical Co., St. Louis, Missouri, USA) to inhibit the oxidative damage to fatty acids during extraction, methylation and storage.
Total Lipid Extraction
The extraction of total fatty acids was from muscle tissues employing chloroform to methanol (2:1) (v/v) based on the method of Folch et al. [98] and modified by Ebrahimi et al. [99] . The samples of muscle tissues (0.5 mg) were ground by Grinder (IKA Analysentechnik GmBH, Germ any) and then homogenised in 40 mL chloroform to methanol (2:1) (v/v) utilizing an Ultra-Turrax T5 FU homogeniser (IKA Analysentechnik GmBH, Germany) in a 50 mL stoppered ground-glass extraction tube. Flushing with nitrogen into the tube was done prior to stoppering and vigorous shaking for five minutes. The tube was then left to stand for 12 h with intermittent shaking.
Following this, about 5 mL was taken from the sample and transferred to plastic tubes. Five mL of chloroform to methanol mixture in 2:1 concentration was then added to the extracts.
Chloroform/methanol was used to prevent oxidation of the samples during sample preparation. The mixture was then vortexed at 5000 rpm for 20 seconds. Following this, 4 mL of distilled water was added to the mixture. The mixture was then vortexed again at 5000 rpm for 40 seconds. To allow separation, the mixture was then centrifuged at 3000 rpm for 5 minutes. The chloroform phase was separated from the aqueous phase by using a pipette and transferred to a methylated tube. An amount of 100 µL of an internal standard consisting of heneicosanoic acid (C21:0) (Sigma Chemical, St. Louis, MO, USA) was introduced into every sample prior to transmethylation to establish the individual fatty acid level in the sample. Following this, the sample was heated in a water bath at 70°C, and the solvent of the sample was dried using nitrogen gas. Two mL of potassium hydroxide (KOH) (R & M Chemicals, Essex, U.K.) was then added to the sample, followed by heating in a water bath at 95°C for 10 minutes. Next, 2 mL of 14% methanolic boron trifluoride (BF3) (Sigma Chemical Co., St. Louis, Missouri, USA) was introduced into the sample and heated in a water bath at 95ºC for 20 minutes. After cooling, 4 mL of distilled water was added, and 4 mL of petroleum ether (boiling point 40-60°C) and the mixture was vortexed for 60 seconds. Lastly, the petroleum ether with the FAME was placed into a 4 mL screw-capped vial (Kimble Glass Inc., USA), followed by flushing with nitrogen. The vial was then closed tightly and kept at 4°C until analysis by gas-liquid chromatography.
Gas-Liquid Chromatography
The methyl esters were quantified by GC (Agilent 7890A) 
Liver Gene Expression Profile
The liver tissue was used to examine the gene HSL, PPARα, PPARγ, SREBP2, and SCD by using 
RNA Extraction from the Liver
After homogenization of the liver tissue, 200 µL of chloroform was added followed by centrifuging at 10,000 rpm for 15 minutes at 4ºC. The upper aqueous phase was then transferred to a different Eppendorf tube. This was followed by the addition of 600 µL of 70% ethanol and mixed thoroughly by vortexing. Seven hundred µL of the sample was transferred to an RNeasy Mini spin column placed in a 2 mL collection tube. The lid was closed gently and centrifuging done for 15 seconds at 10,000 rpm at room temperature (15°C to 25°C). The flow-through was then removed. The same step was repeated with the remainder of the sample, after which 700 µL buffer RW1 was added to the RNeasy spin column, followed by centrifuging for 15 seconds at 10,000 rpm to wash the membrane. The flow-through was then removed, and 500 µL of buffer RPE was added to the RNeasy spin column to wash the membrane. The flow-through was again removed, and the RNeasy spin column was Specific primers used in the current work are listed in the (Table 5 ). All the primers utilized for RT-PCR were commercially obtained from Sigma USA. The optimization and validation of the real-time PCR assays of genes were based on a study by Ebrahimi et al. [102] . A standard curve of six-fold dilution series of cDNA was prepared in a 96-well plate. Quantitative reverse transcription PCR (qPCR) reactions were carried out using a master mix 25 µL comprising of 9.5 µL of RNase-free water, 12.5 µL of Quanti-SYBR green (Qiagen, Hilden, Germany) 1µL cDNA, and 1µL of each respective forward and reverse primer were added in 1.5 mL tube and were mixed thoroughly and gently sterile 1.5 mL micro-centrifuge tubes were labelled from number 1 to 6. A total of 24 µL of the master mix was pipetted into each tube than by adding 1µL of diluted cDNAs into micro-centrifuge tubes. The mixtures were mixed thoroughly by vortexing gently and lastly, the microcentrifuge tubes were mixed and centrifuged briefly. Each replicate of the mixture was pipetted into a 0. a melting curve analysis was analyzed to confirm the purity of amplicons and absence of primer dimers. Toward this end, the plate temperature was raised from 65°C to 95°C in 1°C increments. The cycle numbers at which amplified DNA samples were higher than the computer-generated fluorescence threshold level were normalized and compared to establish the relative gene expression. Elevated cycle number values showed reduced initial levels of cDNA, and hence decreased levels of mRNA expression. 
Primers Efficiency and Melting Curve
Primers efficiency in real-time PCR was determined based on standard curve generated from six-fold serial dilution of cDNA. Slope value of around -3.3 and correlation coefficients of almost 1.0 will be acceptable. Single and new peak was expected which indicated that specific DNA fragment was amplified with no primer dimer formation or mispriming. The single peak would also indicate the purity of the amplified PCR product and that is free from contamination. Melting temperature was allowed to fluctuate within ±0.5.
qRT-PCR Calculation
Individual samples were run in triplicate and averaged triplicates were used to assign cycle the results would be considered as down-regulated. p-value < 0.05. Prior to analysis, all the data was checked for conformance to normality using the PROC UNIVARIATE procedure of the SAS software. All the results in the tables are shown as means ± standard error of the means (SEM).
Conclusions
Based on the results discussed, it can be concluded that the high-fat diet treated methanolic leaf extract 1000 and 1500 mg/kg lead to significant reduction in body weight and visceral fat. The supplementation of crude MECN did not affect muscle MDA and muscle cholesterol in mice. This observation could be due to the duration of the trial. The dose of MECN at 500, 1000 and 1500 mg/kg clearly exhibited a significant reduction in saturated fatty acid and a heightened level of monounsaturated fatty acid. The qPCR analysis, a gene profiling of mRNA expression in the liver,
showed that MECN treatment at 1500 mg/kg inhibits the HSL, PPARγ, PPARα and SCD1 mRNA gene actions. Thus, SCD mRNA genes are target candidates for drugs or dieting to manage obesity and insulin resistance. Activation or inhibition target genes involved in lipid metabolism homeostasis may alleviate obesity. Therefore, the methanolic leaf extract of Clinacanthus nutans has significant effects on the mRNA expression levels of different genes. The results suggested that MECN may be a useful therapeutic candidate for obesity.
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